This study investigated the relative performance of (car) drivers at the individual level, using data 3 from a driving simulator, in order to identify the best drivers within the sample and to gain insight 4 into the most problematic behavior of each driver. To this end, 38 participants varying in age and 5 gender were enrolled to take part in a particular simulator scenario (i.e., curve taking) and their 6 speed, acceleration and lateral position -the three most important driving performance indicators 7 based on literature review -were monitored at various points (before, during and after the curve). 8
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INTRODUCTION
value of speed change that can be used, as well as the centrifugal acceleration, as comfort criterion 1 which gives information about how fast a driver changes his/her speed(9). For this study, we use 2 the resultant of longitudinal and lateral acceleration. 3 4
Lateral position [m] 
5
The lateral position is the position of the vehicle within a lane. It is a geometrical value which is 6 e.g., the distance between the center of the road and the vehicle's longitudinal axis. This indicator  7 offers the possibility to analyze the driven track. Especially in curves the lateral position of cars is 8 a perfect indicator to investigate corner cutting (9). 9 10 2.2 Participants 11
Thirty-eight volunteers participated in the study. Four participants were excluded. Two did not 12 finish the experiment due to simulator sickness and two had missing data and were ignored. for each driver (see FIGURE 1). Therefore, driving performance of each driver is to be evaluated 33 based on these 24 indicators. 34 35
FIGURE 1 Hierarchically structured driving performance indicators

1
Instead of using the raw data in the model, the following process was conducted for each 2 point, separately. 3 4 Speed 5
Apart from the emergency services, nobody should drive faster than the legal speed limit. As a 6 result, given the posted speed limit of the road in the simulated and real environment of 70 km/h, 7 all drivers are first divided into two groups based on their driven speed, i.e., below or equal to 70 8 km/h on the one hand and above 70 km/h on the other. Next, by using hierarchical cluster analysis 9 in SPSS, each group is further divided into several sub-groups. Finally, all the sub-groups were 10 assigned descending grades starting from 6 (a maximum of 6 sub-groups), illustrating the degree 11 of each driver's performance, so that the higher the grade, the better the performance. This process 12 is carried out in each of the eight points, respectively. TABLE 1 shows the results of clusters at 13 500m before the curve (point 1). 14 15 (11, 12, 13, 14) . Recently, various indicators have been combined in so-called composite 6 indicators (CIs) or index (e.g. 15,16) . Simplistically, a composite indicator synthesizes the 7 information included in a selected set of indicators in one figure (17) . In this study, a composite 8 indicator will be created with respect to driving performance. Based on the driving performance 9 index scores drivers can be ranked in terms of relative overall driving performance tested by 10 means of a simulator, and useful insight in the area of underperformance of each driver can be 11 gained by analyzing the allocated indicator weights. 12
In recent years, there has been an increasing interest in the methodology for creating a 13 composite indicator, in which the assignment of weights to each indicator is an essential step (18). 14 One of the promising weighting methods is data envelopment analysis (DEA) in which based on 15 the data set the best possible weights are determined for each unit (or driver in our case) (19, 20) .
16
In other words, the most optimal index score is obtained for each driver. The model used in this study is the multiple layer DEA model for CI creation. In addition to the 30 DEA-based CI studies mentioned above, a valuable extension occurred in Shen et al. (27, 28) by 31 developing a model which is able to take into account the layered hierarchy of indicators that often 32 exists in reality (see FIGURE 1). 33
More specifically, suppose that a set of n DMUs is to be evaluated in terms of s indicators 34 (y) with a K layered hierarchy, the MLDEA-based CI model can be formulated as follows (28) 
The main idea of the model is to first aggregate the values of the indicators within a 1 particular category of a particular layer by the weighted sum approach in which the sum of the 2 internal weights equals to one. Then, for the first layer, the weights for all the sub-indexes are 3 determined using the basic DEA approach. 4
In our case, 34 drivers are to be evaluated based on 24 aforementioned driving indicators, 5 structured in a 3 layered hierarchy (see FIGURE 1). The subscript, o, refers to the driver whose 6 index score is to be obtained by solving the constrained optimization problem, which maximizes 7 the index value of the driver and satisfies the imposed restrictions. The first restriction guarantees 8 an intuitive interpretation of the composite indicator and implies that no driver in the data set can 9 be assigned an index value larger than one under these weights. With respect to the second 10 restriction, the layered hierarchy of the indicators is reflected by specifying the weights in each 11 category of each layer and further restricting their flexibility. In doing so, obtainment of realistic 12 and acceptable weights is guaranteed. In addition, by the third restriction, all weights are 13 constrained to be non-negative. 14 15
Model preparation 16
In this study, the MLDEA-based CI model is applied to evaluate the driving performance of each 17 of the 34 drivers by combining all the 24 hierarchically structured indicators in one index score. 18
The method assigns the best possible weights to each indicator thereby maximizing the index score 19 for a particular driver while at the same time respecting the following restrictions imposed by the 20 model: (1) The set of weights suggested for each driver must also be feasible for all the other 21 drivers included in the data set; (2) the driving performance during the curve is considered to be 22 more important than before or after the curve. Therefore, a relative weight restriction is given 23 ensuring that the indicators in and along the curve, i.e., at curve entry (P4), middle of the curve 24 (P5) and curve end (P6), receive a higher weight than the other points; (3) to guarantee that all the 25 three aspects of driving performance -speed, acceleration and lateral position -will be represented 26 to some extent in the index score, the share of each of these three factors in the final index score is 27 restricted to be equal with 30% variability to still allow a high level of flexibility. 28 29
RESULTS
30
Using simulator data -values of 24 driving performance indicators for each of the 34 drivers -and 31 applying the MLDEA-based CI model (presented in section 3.2) yields the following results: a 32 drivers ranking based on their optimal index scores (4.1), an illustration of the required 33 improvement priorities for a particular driver based on weight allocation (4.2), and a visualization 34 of the performance of the best and worst driver. Each aspect is subsequently discussed. 35 36 4.1 Index scores and drivers ranking 37 By applying the model, 24 driving performance indicators are now combined in a composite index 38 score for each driver by selecting the best possible indicator weights under the imposed 39 restrictions. As a result, the index score of each driver is calculated in relation to all the other 40 drivers who took part in the experiment. Index values lie between zero and one with an index 41 value equal to one identifying a best performer, whereas a score less than one implies 42 underperforming drivers. Apart from distinguishing the best-performing and underperforming 43 drivers, it is possible to rank them based on their calculated index scores (see In addition to the ranking of the drivers, more detailed insight can be gained from the assigned 3 weights which can be interpreted as indications of the importance shares of the corresponding 4 indicator. 5 6 7 FIGURE 2 Assigned weights and shares from the model for the case of the worst performer 8 9
The model not only pursues the optimal index score for each individual, but also 10 guarantees acceptable weights through the imposed restrictions. FIGURE 2 shows the assigned 11 weights and shares (the values in brackets) for the case of the worst driver in the data set. As can 12 be seen, the performance with respect to all three driving parameters is taken into account in the 13 overall score with the share of speed equal to 32.48 %, that of acceleration 25.62 % and that of 14 lateral position 41.90 %. Moreover, the index score is influenced most by the driver's performance 15 at the curve (to which a weight of 0.5 or 0.6 is given). 16
More importantly, based on the principle of the MLDEA-CI model, an indicator is assigned 17 a high weight if the driver performs relatively well on that aspect. On the contrary, low weights 18 provide us with valuable information about the aspects requiring most attention for improvement. 19
Therefore, areas of underperformance can be detected, and required improvement priorities can be 20 formulated. 21
Taking the indicators of speed, acceleration and lateral position related to the worst 22 performer as an example, it can be seen that this person is doing relatively well with respect to the 23 lateral position aspect (with the highest share of 41.90%) whereas more attention should be paid to 24 the acceleration parameter (with the lowest share of 25.62 %), especially at positions P3 before 25 curve, P6 at curve, and P7 after curve. 26 27
Comparison of drivers in terms of driving performance parameters 28
In order to make a comparison between best-performing and underperforming drivers, their 29 performance in each aspect is depicted in the following sections. 30 31 Speed 32
Speed is at the core of the road safety problem. Very strong relationships have been established 33 between speed on the one hand and crash risk and severity on the other hand. In fact, speed is 34 involved in all accidents: no speed, no accident. In around 30% of the fatal accidents, speed is an 1 essential contributory factor (29). At a higher speed, it is more difficult to react in time and prevent 2 an accident. FIGURE 3 shows the speed of the best-performer versus the worst-performer. The 3 best-performer drives smoothly and respects the posted speed limit. The underperforming driver, 4 on the contrary, can be labeled as worst-performer either because of the high speed or evasive 5 changes along the curve. As can be seen from the graph, the driver needs to correct his/her 6 performance while approaching and departing the curve. 7 8 9 FIGURE 3 The speed of the best-performer versus the worst-performer 10 11 Acceleration 12
The total acceleration can be decomposed into longitudinal acceleration and lateral acceleration. 13
The longitudinal acceleration, indicating how fast a driver changes his/her speed, is shown in 14 FIGURE 4a. According to Lamm and Chouriri (30) it is easy to see that the worst performer was involved in more dangerous situations. However, 7
according to the threshold of lateral position indicated in TABLE 3, it should be noted that 8 although the best-performer in this experiment was doing better than the worst one, he was still not 9 doing perfect, especially at the middle of the curve. 
Lateral Position (m)
Best performer Worst performer
CONCLUSION 1 2
In order to measure the multi-dimensional concept of driving performance which cannot be 3 captured by a single indicator at one point in time, we investigated in this study the construction of 4 an overall driving performance index for drivers evaluation. In doing so, a multiple layer DEA-5 based composite indicator model was applied on a hierarchy of driving performance indicators. 6 Based on this model, the most optimal driving performance index score between zero and one for 7 each of the 34 drivers was determined by combining all the 24 hierarchical indicators, with higher 8 values indicating a better relative performance. From the index scores, the best performing drivers 9 -having an index score of one -were deduced. At the same time, underperforming drivers were 10 revealed. 11
Apart from identifying the best-performing and underperforming drivers, all drivers were 12 ranked based on their calculated index scores, and their relative performance with respect to speed, 13 acceleration, and lateral position was compared. 14 In addition, based on the principle of the MLDEA-CI model, an indicator is assigned a high 15 weight if the driver performs relatively well on that aspect. On the contrary, low weights provide 16 valuable information about the aspects requiring most attention for improvement. Therefore, areas 17 of underperformance were detected, and required improvement priorities formulated. 18
To conclude, this study suggests that the MLDEA-based CI methodology is appropriate for 19 driver's evaluation and for the identification of the most problematic aspects of driving. Next, 20 drivers can be trained in different tasks in the simulator, according to each driver's weakness, 21 thereby improving driver's abilities and the level of road safety. Also regarding the future 22 usefulness of the results from this methodology, there are opportunities in terms of selecting 23 candidates for driving jobs, identifying high risk drivers, improving the rating process and 24 rewarding low risk drivers. 25 26 6 LIMITATIONS AND FUTURE RESEARCH 27 28
The issue of external validity is often raised when discussing the results of research employing 29 driving simulations. Although moving base simulators provide a more correct rendering of real 30 driving behavior and a greater degree of realism (33), there are strong indications that geometric 31 design issues are examinable in a fixed-base driving simulators in a perfectly adequate way (e.g., 32 34,35) . In addition, Bella (34) and Godley et al. (36) concluded that speed parameters can be 33 validated as dependent measures for research using a driving simulator. Moreover, the simulator 34 used in this study is equipped with a 180° field of view, which satisfies the prescribed minimum of 35 120° field of view for the correct estimation of longitudinal speed (37).
36
Future research on the composite driving performance indicator can be done concerning the 37 data, i.e., adjusting the model in order to allow the use of raw data instead of assigned grades to 38 different indicator clusters. Also, other road types or other sections of road (e.g., intersections) as 39 well as roads with different speed limits may be considered. Moreover, in the future, beside the 40 data of driving simulator performance, personality and psychometric tests and driver's crash 41 records, would be useful to combine in order to construct optimal driving performance index 42 scores. 43
Finally, since the result obtained from the MLDEA-CI can be largely influenced by the 44 selection of indicators, hierarchical structure, data quality and chosen weight restrictions, it is 45 important to rigorously investigate the robustness of the indexes by sensitivity analysis in the 46 future. In addition, it would also be valuable to incorporate an artificially created, ideal driver in 47 the analysis, so that instead of a relative comparison, an evaluation of drivers in an absolute 48 manner would be possible. 49 50 
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